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Abstract 
The purpose of this study was to assign the utilization of Asper Backer bamboo charcoal as activated carbon and 
pyroligneous acid as an alternative coagulating and antifungal agents for natural rubber sheet production. The effect 
of chemical activation process of bamboo charcoal was investigated. The physical properties like iodine number, 
moisture, ash, volatile and fixed carbon contents were measured. The results were found that the bamboo activated 
carbon has the highest iodine number value of 1398 mg/g which indicating a large of adsorption capacity at the 
optimum conditions as microwave power of 360 watts, activation time of 15 mins and the ratio of charcoal : 
phosphoric acid as 1 : 4. In addition, the effect of coagulating and anti-fungal activities of pyroligneous acid that is a 
by-product of Dendrocalamus Asper Backer bamboo charcoal burning was also observed. The comparison properties 
of pyroligneous acid with the commercial wood vinegar, formic and acetic acids have been measured. The 
coagulating efficiency of pyroligneous acid exhibited the shortest possible coagulation time at 18.30 mins between 
acids and latex. Herein, the antifungal efficiency was determined from a fungi growth area only 5% on air dried sheet 
rubber surfaces. The results were found that the coagulating and anti-fungal properties showed in the following order 
of commercial wood vinegar > bamboo pyroligneous acid > formic acid > acetic acid according to their acidic and 
phenolic compound contents. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Organizing Committee of 2015 AEDCEE. 
 
Keywords: Bamboo activated carbon; pyroligneous acid; coagulating agent; antifungal activity  
1. Introduction 
Dendrocalamus Asper Backer bamboo is encouraged to plant in Patthalung, Thailand due to it is 
renewable, fast-growing, and economic friendly. It has been used for housing, crafts, pulp, paper, board, 
wood-composite products, furniture, and fuel energy [1-2]. To utilize the growing bamboo, pyrolysis 
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which is a promising technology for exceeding disposal can be employed. There are several studies were 
focused on the production of bamboo charcoal with high adsorption capacity and modified to activated 
carbon [3-4]. Activated carbon is the most popular adsorbent for the removal of pollutants. However, its 
widespread use is restricted due to high cost. Therefore, low-cost precursors such as agricultural products 
have been searched for the production of activated carbon [5]. Pyrolysis is thermo-chemical process with 
absence of oxygen. It converts biomass with primary reactions are concerned with the degradation of 
biomass into char and numerous volatile. Microwave-induced pyrolysis has been employed to pyrolyze 
charcoal to activated carbon. This process has also increased the yield of solid product and decreased the 
yield of gaseous products [6].       
On the other hand, pyroligneous acid or wood vinegar is a by-product of charcoal burning that is the 
crude condensate of smoke generated during the process of making wood charcoal. It consists of more 
than 200 water soluble compounds comprising organic acids, phenolic, alkane, alcohol and ester 
compounds. Pyroligneous acid has widely uses as antimicrobial and growth-promoting agent [7-9]. 
Several authors reported that the strong antimicrobial activity of pyroligneous acid was correlated to its 
high contents of organic acids and phenolic compounds [10-12]. In addition, there was presented the use 
of wood vinegar as coagulating and antifungal agents for natural rubber sheet production [13]. However, 
pyroligneous acid from Dendrocalamus Asper Backer bamboo has not been reported. Therefore, the 
objectives of this study were to investigate the utilizations of Asper Backer bamboo charcoal as activated 
carbon and pyroligneous acid as an alternative coagulating and antifungal agents for natural rubber sheet 
production which compared with marketing wood vinegar and organic acids. The concluded schematic 
diagram of this experiment is shown in Fig. 1. 
 
     
           
 
                    
 
Fig. 1. Experimental setup for utilizations of Asper Backer bamboo charcoal as activated carbon and 
pyroligneous acid as coagulating and antifungal agents for natural rubber sheet 
 
 
 
 
2. Materials and Methods 
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2.1. Activated carbon preparation  
 
The bamboo charcoal was pyrolyzed at 600๐C in a single horizontal kiln, then shredded and sieved 
pass through 100 meshes. 100 grams of bamboo charcoal were weight and soaked with phosphoric acid at 
room temperature for 24 hours with the ratio of charcoal : phosphoric acid as 1 : 4. The microwave-
induced activating pyrolysis was carried out in a modified microwave at 360 watts and varied the 
activation time of 5, 10, 15, and 20 minutes, respectively. After activation completed, the bamboo 
activated carbon was cooled to room temperature under nitrogen flow at 50 ml/min and washed 
repeatedly with distilled water until pH 7. Finally, the bamboo activated carbon was dried at 105◦C for 12 
h and stored in desiccator. 
 
2.2. Natural rubber sheet production 
 
Natural rubber sheets were prepared using different acid solutions as coagulating agents; pyroligneous 
acid solutions were 0.8% (v/v) and 0.015% (v/v) for both formic and acetic acids. The latex was filtered, 
and its density adjusted to 0.9 g/cm3, by dilution. The coagulation was carried out in individual pans; 
latex, water, and acid solution were mixed and counted time until coagulation was completed as shown in 
Fig. 2. The slabs were then compressed between two steel rolls where the excess of serum was squeezed 
out and left on a drying ground until a constant weight was achieved. Finally, slabs were dried in rubber 
housing for 20 days. Rubber sheets were determined for antifungal efficiency comparison. The average 
pH value of all coagulant aqueous solutions was 3.  
 
 
 
 
 
 
 
 
 
Fig. 2. Rubber sheet preparation 
 
2.3. Characterizations 
 
The average proximate analyses of the bamboo activated carbon were measured as moisture content, 
volatile matters, fixed carbon and ash on dry basis, respectively. Degree of activation is a measure of the 
iodine adsorbed in the pores that defined as iodine number. 
The antifungal efficiency of the coagulants was determined from a fungi growth area on the drying 
NR sheet surfaces after leaving them for 20 days. Percentage of the fungi growth area was calculated the 
fungi growth area on NR sheet surface per total area of NR sheet surface. Analysis of pyroligneous acid 
components were achieved by gas chromatography mass spectrometry (GC-MS), model Shimadzu QP-
210S (Shimadzu Manufacturing Co. Ltd, Kyoto, Japan) with capillary column (30 m × 0.25 mm inside 
diameter), injector temperature of 225๐C. The temperature in GC-MS program ranges from 50๐C to 225๐C 
and increases around 10๐C per minute. The flow rate of helium was held at 88.3 mL/min. The MS was 
operated in electron ionization mode at 70 eV and the interface temperature was maintained at 225๐C. The 
peak was confirmed by comparison with a standard in library data. 
3. Results and Discussions 
Fresh latex + coagulants 
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3.1 The effect of chemical activation process on physical properties of Dendrocalamus Asper Backer 
bamboo activated carbon 
 
Bamboo activated carbon using phosphoric acid activation showed a maximum adsorption capacity of 
1398 mg/g at an impregnation ratio of 4 for 15 mins. However, under longer activation time, the 
adsorption capacity decreased sharply as a considerable portion of phosphate compound volatilize when 
the time expand for 20 mins. The decrease in adsorption capacity may probably be due to the longer 
contact time for the phosphate-microwave-induced activation. 
 
Table 1. Effects of radiation time on iodine adsorption and the average proximate properties of bamboo 
activated carbon 
 
Radiation time 
(mins) 
Iodine number 
(mg/g) 
Moisture content 
(%) 
Ash content 
(%) 
Volatile matter 
(%) 
Fixed carbon 
(%) 
5 1138 3.9 3.1 40.3 52.7 
10 1265 2.8 3.0 39.0 55.2 
15 1398 2.0 2.4 35.2 60.4 
20 1094 1.9 2.5 40.1 55.5 
From Table 1, the activation time had great influence on the development of pore structure at radiation 
time of 15 mins. The iodine adsorption capacity developed is due to the phosphate-microwave-induced 
activation expand the structure of the bamboo and hinder the shrinkage at long time activation [14].  
3.2 The effect of coagulating and anti-fungal activities of Dendrocalamus Asper Backer bamboo 
pyroligneous acid  
Table 2. Counting time and fungi growth area of natural rubber sheet 
Coagulants Agglomerating time (mins) Fungi growth area (%) Rubber sheet appear 
Commercial wood vinegar 14.30 3.5 Dark Brown 
Bamboo pyroligneous acid 18.30 5.0 Red Brown  
Acetic acid 25.00 13.3 Light Yellow 
Formic acid 39.00 17.6 Light Yellow 
From Table 2 was shown the coagulating time in the following order of commercial wood vinegar > 
bamboo pyroligneous acid > acetic acid > formic acid according to the strength of their acids. The 
pyroligneous acid components from bamboo and commercial grade were correspondence with the acidic 
compounds in Table 3. In addition, the antifungal efficiency of the coagulants was determined from a 
fungi growth area on the NR sheet surfaces which the results were found that the anti-fungal properties 
showed in the following order of commercial wood vinegar > bamboo pyroligneous acid > acetic acid > 
formic acid according to their phenolic compound contents as also shown in Table 3.  
The phenolic compound contents of commercial wood vinegar are predominated more than the 
phenolic compound contents of the bamboo pyroligneous acid as 21.84% and 11.97%, respectively. 
These results are agreeable with Ma, et al. (2011) presented the properties and utilizations of 
pyroligneous acid that are closely related to its compositions. They were reported that the high 
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concentration of the organic acids in the pyroligneous acid exhibited the high antimicrobial activity and 
the phenolic compounds also showed significant [11]. In addition, Baimark and Niamsa (2009) verified 
that the antifungal efficiency of the wood vinegars was strongly depended upon their phenolic compound 
contents and confirmed through the inhibitory growth of the main fungi, Penicillium griseofulvum [13]. 
Table 3. Relative quantities of bamboo and commercial wood vinegar identified by GC-MS 
  
Bamboo pyroligneous acid Commercial wood vinegar 
Chemical names Percents Chemical names Percents 
pyridine 0.16 pyridine 0.23 
1-hydroxy-2-propanone  5.30 1-hydroxy-2-propanone  3.22 
acetic acid 62.10 acetic acid 56.77 
2-furancarboxaldehyde 4.55 propanoic acid 1.75 
propanoic acid 1.67 2-furanmethanol 1.78 
3-furanmethanol 0.89 2-hydroxy-2-cyclopenten-1-one 1.70 
2-hydroxy-2-cyclopenten-1-one 1.30 2-methoxyphenol 2.83 
2-methoxyphenol  2.04 2-methoxy-3-methylphenol 0.92 
2-methoxy-4-methylphenol 0.63 phenol 10.92 
phenol 4.23 4-ethyl-2-methoxyphenol 0.85 
4-ethyl-2-methylphenol 0.64 4-methylphenol 2.89 
4-methylphenol 1.58 3-methylphenol 0.13 
2,6-dimethoxyphenol 2.85 2,6-dimethoxyphenol 3.30 
1,2,4-trimethoxybenzene 0.93 1,2,4-trimethoxybenzene 1.02 
2,3,5-trimethoxytoluene 0.55 2,3,5-trimethoxytoluene 0.50 
4. Conclusions 
The optimal activation conditions were determined as: microwave power 360W, radiation time 15 min 
and phosphoric acid/carbon ratio 4:1, under which an iodine number of 1398 mg/g and moisture content, 
ash, volatile matters, and fixed carbon on dry basis were 2.0, 2.4, 35.2, and 60.4, respectively. It is 
indicating that, this bamboo activated carbon has a large of adsorption capacity. 
In addition, the results suggested that all wood vinegars had higher coagulating and antifungal 
efficiency than both formic and acetic acids because of the pyroligneous acids contained several acidic 
and phenolic compounds whereas formic and acetic acids did not. Therefore, pyroligneous acids from 
bamboo can be used as coagulating and antifungal agents to replace on organic acids. 
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